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AMINOSTEROL COMPOUNDS AND USES THEREOF 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application claims benefit of priority under 35 U.S.C. § 119(e) to U.S. 
5 Provisional Application Sen No.: 60/096,337 filed August 12, 1998, which is herein 
incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
10 The invention relates to newly isolated aminosterol compounds. Such 

aminosterol compounds are useful in a variety of pharmaceutical .compositions as well 
as methods of treatment of various disorders such as, for example, a microbial 
infection. 

15 DESCRIPTION OF THE RELATED ART 

Over the past several years an increasing number of low molecular weight 
antibiotics have been isolated from diverse species of vertebrate animals such as frogs 
(Zasloff; 1987), pigs (Lee et ah, 1989), mice (Ouellette et al., 1989) and humans 
(Jones et aL, 1992). These antibiotic agents, including peptides (Steiner et al., 1981; 

20 Ganzet al., 1985; Zasloff, 1987), lipids (Kabara et al., 1977; Bibel et al., 1989) and 
alkaloids (Daly et al., 1987; Preusser et al., 1975), are believed to play a major role in 
host defense against environmental microbes. 

The search for novel host defense agents led to the discovery of the 
aminosterol squalamine. Squalamine was isolated from the dogfish shark Squalus 

25 acanthias and proved to be active as a broad-spectrum antibiotic. U.S. Patent 
5,192,756. Squalamine also exhibited interesting antiangiogenic and antitumor 
properties. Attempts to isolate large amounts of squalamine have now led to the 
discovery, isolation and purification of several new aminosterol compounds which are 
the subject of the present invention. 



WO 00/09137 

2 

SUMMARY OF THE INVENTION 
The invention provides newly isolated aminosterol compounds and 
pharinaceutically acceptable salts thereof. 

The invention further provides pharmaceutical compositions comprising at 
5 least one aminosterol compound of the invention or a pharmaceutically acceptable salt 
thereof and a pharmaceutically acceptable carrier. 

The invention further provides a method of treating a microbial infection 
comprising administering a therapeutically effective amount of at least one 
aminosterol compound of the invention or a pharmaceutically acceptable salt thereof. 
10 @ 

BRIEF DESCRIPTION OF THE FIGURES. 
Figure 1 : Structure of aminosterol compounds (l)-(l 1). 
Figure 2: Summary of structural diversity among aminosterol compounds (1)- 

(11). 

1 5 Figure 3 : General numbering scheme for aminosterol compounds ( 1 H 1 1 ). 

DETAILED DESCRIPTION OF THE INVENTION 
The invention provides eleven newly isolated aminosterol compounds. The 
structure of the aminosterol compounds of the invention are illustrated in Figure 1. 

20 As illustrated in Figure 2, each of the aminosterol compounds of the invention has a 

steroid nucleus, a polyamine moiety attached to the steroid nucleus and a f||| 
cholestane-related side chain. The steroid nucleus of an aminosterol compound of the 
invention has a trans AB ring junction (Wehrli et al., 1993). The C7 and/or the C12 
position of an aminosterol compound of the invention (see Figure 3 for numbering of 

25 the aminosterol compounds) may be further substituted with a hydroxyl group or a 
carbonyl moiety. For example, aminosterol compound (7) is hydroxylated at both the 
C7 and C12 positions and aminosterol compound (10) is substituted with a carbonyl 
moiety at the C7 position. Aminosterol compound (1 1) is substituted at neither the 
C7 or C12 position. 

30 The aminosterol compounds of the invention are substituted equatorially at the 
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C3 position of the steroid nucleus with a polyamine moiety. The polyamine moiety 
may be either a spermidine moiety (i.e. -NHKCH^-NH-CCH^-NH^ or a spermine 
moiety (Le. -NH-CC^a-NH-CCH^NH-CCH^-NHj). As illustrated in Figure 1, 
aminosterol compounds (1M*0 and (10)-(1 1) contain a spermidine moiety at the C3 
5 position. Aminosterol compound (9) contains a spermine moiety at the C3 position. 

In a preferred embodiment of the invention, the aminosterol compounds of the 
invention may be obtained in isolated or purified form the tissues (e.g. liver tissue) of 
the dogfish shark, Squalus acanthias. 

@> 10 Isolation 

Fresh ground liver of the dogfish shark Squalus acanthias is treated with about 
12% aqueous acetic acid at about 75 °C for about one hour. Next, ammonium sulfate 
and about 95% ethanol are added followed by vigorous agitation for about five 
minutes. The resulting suspension is then allowed to phase separate (z.e. separate into 
15 an organic phase and an aqueous phase) for about six days at about ambient 

temperature. The aqueous phase is then separated and filtered through cheesecloth. 
The filtrate is then slowly stirred with XAD-16 resin (commercially available from 
Supelco of Bellefonte, PA) for about twenty hours. The resin is then collected, 
washed with water and resuspended in about 70% ethanol for approximately twenty 
20 minutes. Removal of the resin leaves an alcohol solution containing aminosterol 
IP compounds (l)-(l 1) of the invention. 

Purification and Analysis 

The alcohol solution containing aminosterol compounds (l)-(l 1), as described 
25 above, is then filtered through a five micron polypure DCF filter (commercially 

available from Gelman Sciences of Ann Arbor, MI). The filtrate is then loaded onto a 
propylsulfonic acid column (commercially available from JT Baker of Phillipsburg, 
NJ). The column is then washed with about 20% isopropyl alcohol until an 
adsorption reading of about 254 nanometers (A254) reaches a constant level. The 
30 column may then be washed with about 0.4 M potassium acetate in about 1 0% 
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isopropyl alcohol until the A254 again reaches a constant level. The aminosterol 
compounds of the invention are then eluted from the column with either an about 3.6 
M or about 4.5 M potassium acetate (about pH 4) in about 10% isopropyl alcohol. 

The about 3.6 M and about 4.5 M potassium acetate eluates are separately 
filtered through an about 0.2 micron Sartopure GF capsules (commerciaUy available 
from Sartorius of Edgewood, NY), diluted with water to about a 1.0 M salt 
concentration and loaded onto a YMC-ODS column (commercially available from 
YMC of Wilmington, NC). Two buffers, Buffer A and Buffer B, are used to elute the 
aminosterols of the invention from the column. Buffer A consists of about 0.1% 
trifluoroacetic acid in water while Buffer B consists of about 0.1% trifluoroacetic acid 
in acetonitrile. The column is first washed with Buffer A, then withabout 25% Buffer 
B solution. The aminosterols of the invention are then eluted from the column using a 
gradient from about 25-34% Buffer B followed by a gradient from about 34-40% 
Buffer B. 

15 The fractions eluted with the about 25-34% Buffer B gradient system and the 

fractions eluted with the about 34-40% Buffer B gradient system may then be loaded 
onto a second propylsulfonic acid column. The propylsulfonic acid column is washed 
and the aminosterol compounds of the invention are eluted with the about 3.6 M and 
about 4.5 M potassium acetate solutions, each as described above. The eluates of the 

20 about 3.6 M and about 4.5 M potassium acetate solutions are collected and analyzed 
by thin-layer chromatography and HPLC. The eluates may be ultra-filtered through a 
spiral membrane cartridge with a three kiloDalton cutoff (commercially available 
from Amicon of Woburn, MA) to remove higher molecular weight residual pigments 
and proteins. The resulting permeate may then be loaded on YMC-ODS or Dynamax 

25 column (commerciaUy available from Ranin of Woburn, MA), washed with Buffer A, 
as described above, and eluted with an appropriate gradient of Buffer B, as described 
above. The eluates may be further analyzed on an analytical reverse phase (RP) 
column using pre-column o-phthalaldehyde (OPA) derivation and further purified 
on a Phenomenex Luna CIS, Phenomenex phenyl-hexyl or Microsorb CIS column 
30 (commercially available from Ranin of Woburn, MA). 
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As a result of such isolation and purification, a substantially homogeneous 
composition of each aminosterol compound of the invention, as described herein, may 
be prepared. "Substantially homogeneous composition" is defined as a composition 
that is equal to or greater than about 95% pure excluding salt counter ions, as 
5 demonstrated by thin layer chromatography, o-phthalaldehyde analysis and NMR. 
Aminosterol compounds (1), (4) and (7) may be isolated and purified from the liver 
tissue of the common dogfish shark, Squalus acanthias, in amounts of about 0,5-2.5 
milligrams per kilogram liver tissue and are designated as the **Major Aminosterols." 
Aminosterol compounds (2), (3), (5), (6), (8), (9), (10) and (1 1) may be isolated and 
10 purified in amounts of less than about 0.05 milligrams per kilogram of liver tissue and 
are designated as the 6 "Minor Aminosterols." The aminosterol -compounds of the 
invention have been numbered one (1) through eleven (11) based on their order of 
elution under high performance liquid chromatography (HPLC) conditions, as 
described herein, 

15 

Analytical JPata 

The Major Aminosterols 

The structures of the Major Aminosterols, i.e. aminosterol compounds (1), (4) 
and (7), was determined using mass spectroscopy and two-dimensional proton (*H) 

20 NMR and carbon-13 ( l3 C) NMR experiments, heteronuclear chemical shift correlation 
spectra (HMQC), proton detected carbon-proton multiple bond correlation spectra 
(HMBC), and phase sensitive correlated spectroscopy (COSY). The results were 
compared against similar data for squal amine for structure determination of the 
aminosterols. The *H NMR and 13 C NMR data of the Major Aminosterols are 

25 summarized in Tables 1 and 2, respectively. The mass spectroscopy data for the 
aminosterol compounds of the invention are summarized in Table 4. 

As shown in Table 4, aminosterol compound (1) gave a positive ion mass by 
fast atom bombardment mass spectroscopy (FAB) [M*H] + at m/z 665 and fragment 
ions at m/z 578 and m/z 546, representing the loss of a-amino propionic acid and 

30 cysteine, respectively. Aminosterol compound (1) also gave a positive ion mass by 
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high-resolution mass spectroscopy (HRMS) (FAB) [M + H] + at m/z 665.5043, 
consistent with the calculated value of 665.5039. 

Aminosterol compound (4) exhibited a positive ion mass by matrix-assisted 
laser desorption-ionization mass spectroscopy (MALDI) [M*H] + at m/z 645.5 and 
5 fragment ion at m/z 566.6 and a negative mass (FAB) [MH]~ at m/z 642.3. 

Aminosterol compound (4) gave a negative ion mass by high-resolution electrospray 
mass spectroscopy (ES) [M'H] - at m/z 642.4502, consistent with the calculated value 
of 642.45 15. 

As shown in Table 1, the one-dimensional ! H NMR data for aminosterol 

1 0 compounds (1 ) and (4) indicated the characteristic appearance of a steroid, with two 
singlets for the angular methyl groups at the CI 8 and CI 9 positions and two doublets 
for methyl groups at the C21 and C26 positions (see Figure 3). The ! H NMR data for 
aminosterol compound (4) also show the presence and overlapping of doublets for the 
methyl groups at the C21 and C26 positions. In addition, the C24 keto group of 

15 aminosterol compound (1) displays a characteristic multiplet between 6 2.4-2.8, 
integrating for two protons identified as the methylene protons at the C23 position. 
Aminosterol compound (1) also displays a multiplet for the a-proton of cysteine at 
6 3.96, while the hydrogen (H) at the C24 position of aminosterol compound (4) 
produced a similar multiplet at 6 3.44. The hydroxyl group located at the C27 

20 position of aminosterol compound (4) is sulfated (i.e. a -OS0 3 H group) and hence the 
hydrogens at the C26 protons are diastereotopic and display a distinct splitting pattern 
of a doublet of doublets. The spermidine moiety at the C3 position integrates typically 
for nine protons, eight methylene protons immediately adjacent to an NH group of 
spermidine and the C3 axial proton. For aminosterol compound (1), the four 

25 methylene protons at C27 and C28 adjacent to the sulfur atom also overlap in this 

region, in addition to the CH proton at C25. The rest of the steroid protons, including 
the hydrogen at the C7 position at 8 3.80, are identical to squalamine. 

The l3 C NMR chemical shifts of aminosterol compounds (1), (4), and (7) 
summarized in Table 2 were assigned using a number of experiments including 

30 distortion enhanced by polarization transfer (DEPT-135), HMQC, HMBC and phase 
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sensitive double quantum filtered correlated spectroscopy (DQF COSY) and also by 
comparison with squalamine. HMBC long-range 'H and 13 C connectivities were 
especially vital to confirm the structures of the aminosterol compounds of the 
invention. In aminosterol compound (1), the following correlations establish that the 

5 cysteine sulfur atom is connected to the C27 carbon: C24 carbonyl carbon at 8 216.27 
and the C26 carbon at 8 17.14 display correlations to the protons at the C27 position 
at 6 2.62 and 8 2.85; the C27 carbon at 6 35.49 through S to the protons at the C28 
position at 6 2.97 and 8 3.14; the C28 carbon at 6 34.21 through S to the protons at 
the C27 position at 8 2.62 and 6 2.85; the C29 cysteine a-carbon at 8 54.47 to the 

1 0 protons at the C28 position at 8 2.97 and 6 3.14. Aminosterol compound (4) is a 24- 
hydroxy aminosterol and its C24 hydroxy carbon at 6 74.17, the^25 carbon at 6 
40.65 and the C26 at 8 14.35 all display correlations to the protons a the C27 position 
at 8 3.96 and 8 4.12, thus estabUshing the position of sulfate with respect to the 
24-hydroxyl group. 

15 Aininosterol compound (7) has an additional hydroxyl group in comparison to 

squalamine. The loss of sulfur trioxide (80 amu) and sulfuric acid (98 amu) in the 
positive ion mass spectra, is characteristic of most sulfated aminosterols. 
Accordingly, aminosterol compound (7) displays a (MALM) [M + H] + at m/z 645.4 
with fragments at m/z 566.3 and m/z 547.2 for the loss of sulfur trioxide and sulfuric 
20 acid and a negative mass (MALDI) [M"H]" at m/z 643.6. Aminosterol compound (7) 
also displays a positive ion mass by high-resolution mass spectroscopy (FAB) [M + H] + 
at m/z 644.4687, consistent with the calculated value of 644,4672. The 
one-dimensional 'H NMR spectra of aminosterol compound (7) displays the 
characteristic two singlets for the angular methyl groups at the C18 and C19 positions, 
25 overlapping doublets for the methyl groups at the C26 and C27 positions and a 
doublet for the methyl group at the C21 position. Aminosterol compound (7) also 
displays a typical NMR pattern for the spermidine side chain that integrates for nine 
protons and a singlet for the proton at the C7 position at 6 3.81 . In addition, 
aminosterol compound (7) displays a multiplet integrating for one proton at 6 4.14 at 
30 the C24 position. An additional singlet for this compound is present at 6 3.95 and 
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represents the hydrogen at the CI 2 position. The presence of a hydroxyl group at the 
C12 position was apparent from the HMBC correlation experiment, where the angular 
methyl CI 8 resonance displays correlation to the hydroxyl group. It was determined 
to be an axial hydroxyl group as that found at the C7 position from the DQF phase 

5 sensitive COSY experiment due to the lack of diaxial coupling between the protons at 
CI 1 and C12 positions. The presence of a hydroxyl group at the C12 position would 
be expected to affect the 13 C NMR chemical shifts of Cll, C13, C14 and C17 by 
moving the C14 and C17 signals upfield and the CI 1 and C13 signals downfield. 

All the aminosterols described thus far have spermidine substituted at the C3 

10 position in the equatorial position confirmed by the large diaxial coupling constants 
observed for the axial proton at the C3 position with the axial proton at the C4 
position and the axial position at the C2 position in a phase sensitive DQF COSY 
experiment. It is believed that since all the aminosterols, including squalamine, 
originated from the same natural source, the spermidine is attached to the steroid 

1 5 nucleus at its three-carbon end, as was shown for squalamine through TOCSY (total 
correlation spectroscopy) correlations. 



The Minor Aminosterols 

The structures of the Minor Aminosterols, ue. aminosterol compounds (2), (3), 
20 (5), (6), (8), (9), (1 0) and (11), were determined by mass spectroscopy and ! H NMR. 

The results, summarized in, respectively, Tables 3 and 4, were compared against ^ 
similar data for squalamine. 

Aminosterol compounds (2) and (8) are both hydroxylated at the C25 position 
of the cholestane-related side chain. Aminosterol compound (2) is substituted with a 
25 keto group at the C24 position. The mass spectral data of aminosterol compounds (2) 
and (8) display only a single mass in the positive mode (MALDI) [M + H] + at m/z 562.1 
and m/z 547.8, respectively. Aminosterol compound (2) and (8) also display a 
positive ion mass by high-resolution mass spectroscopy (FAB) [M + H] + at m/z 
562.4966 and 548.5165, respectively. These values are consistent with the calculated 
30 values of 562.4947 and 548.5155. The ! H NMR spectra of these aminosterols clearly 
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identify the steroid region with singlets for angular methyl protons at the CI 8 and CI 9 
positions and a doublet for the methyl group at the C21 position. The isopropyl 
protons produce a singlet integrating for six protons down field at 6 1.28 for 
aminosterol compound (2) and 8 1.20 for aminosterol compound (8), due to the 
substitution at the C25 position. In addition, aminosterol compound (2) produces a 
multiplet integrating for two protons at 6 2.65 for the methylene protons at the C23 
position, typical of 24-keto aminosterols. The C7 proton adjacent to the hydroxyl 
group in these aminosterols is a singlet at 6 3.79 for aminosterol compound (2) and 6 
3.88 for aminosterol compound (8), while the polyamine region at the C3 position is 
characteristic of spermidine. 

Minor Aminosterol compounds (3), (5), and (6). Aminosterol compound (3) is 
a regioisomer of the major aminosterol compound (4) and although identical in its 
mass, it can be readily distinguished from aminosterol compound (4) by its 
one-dimensional ! H NMR spectrum. The steroid region for aminosterol compounds 
(3) and (4) produce a characteristic pattern, singlets for the angular methyl groups at 
the CI 8 and C19 positions and overlapping doublets for methyl groups at the C21 and 
C26 positions. In aminosterol compound (3), the hydroxyl group at the C27 position 
is not sulfated, hence the protons at the C27 position resonate upfield at 6 3.47 and 8 
3.70 as a distinct doublet of doublets, as opposed to 8 3.84 and 6 4.01 for 
aminosterol compound (4), in which the hydroxyl group at the C27 position is 
sulfated. The 24-hydroxyl group is sulfated in aminosterol compound (3) and 
resonates at 8 4.13 as opposed to 6 3.33 in aminosterol compound (4). Aminosterol 
compound (3) displays a (MALDI) [NTH] + at m/z 645.1 with fragments at m/z 565.3 
and m/z 546.9 and a negative mass (MALDI) [M'H]" at m/z 642.4. Aminosterol 
compound (3) also displays a negative ion mass by high-resolution mass spectroscopy 
(ES) [M H]" at m/z 642 4506, consistent with the calculated value of 642.4515. 

Aminosterol compound (5) is hydroxylated at the C24 and C27 positions and 
neither of these hydroxyl groups are sulfated. The ! H NMR spectra for aminosterol 
compound (5) also displays two singlets for the angular methyl groups at the CI 8 and 
C19 positions and two distinct separated doublets for methyl groups at the C21 and 
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C27 positions. As in aminosterol compound (3), the hydroxyl group at the C27 
position is not sulfated hence the protons at the C27 position resonate upfield at 6 
3.50 and 6 3.65. As the 24-hydroxyl in aminosterol compound (5) is also not 
sulfated, it resonates upfield at 6 3.44. Aminosterol compound (5) displays a 

5 (MALDI) [M + H] + at m/z 565.5, consistent with the calculated value of 564.5. 

One-dimensional 'H NMR can readily distinguish aminosterol compound (6) 
from aminosterol compound (5). The angular methyl groups at the CI 8 and C19 
positions are singlets, while those at the C21 and C26 positions are well-separated 
doublets. Aminosterol compound (6) is a 24-keto aminosterol and typical of keto 

10 aminosterols, the methylene protons at the C23 position resonate at 6 2.53. The 
proton at the C25 position which is usually buried in the polyaiqine region in most 
keto aminosterols is separated from the polyamine region as a xnultiplet at 6 2.78 as is 
the case in aminosterol compound (6). The C27 position of aminosterol compound 
(6) is hydroxylated and hence the protons at the C27 position are diastereotopic and 

15 split as a doublet of doublets at 8 3.55 and 5 3.68. In addition, aminosterol 

compound (6) displays a (MALDI) [M + H] + at m/z 562.1. Aminosterol compound (6) 
also displays a positive ion mass by high-resolution mass spectroscopy (FAB) [M + H] + 
at m/z 562.4954, consistent with the calculated value of 562.4948. 

Structure of minor aminosterol compound (9), (10), and (1 1). Aminosterol 

20 compound (9) in this collection is the only compound that has a spermine moiety 
instead of spermidine moiety conjugated to the steroid at the C3 position. 
Aminosterol compound (9) is structurally identical to aminosterol compound (4) in 
the cholestane-related side chain. It differs however in the polyamine region, which 
integrates for thirteen protons, representing 12 methylene protons adjacent to the 

25 spermine NH's and a C3 axial proton, and displays greater symmetry for the 

symmetrical spermine. Aminosterol compound (9) displays a negative ion mass by 
high-resolution mass spectroscopy (ES) [M"H]~ at m/z 699.5093, consistent with the 
calculated value of 699.5094. 

Aminosterol compound (10) has a mass (FAB)[M + H] + two less than 

30 squalamine at m/z 626.5 and a fragment ion at m/z 528.5. Aminosterol compound 
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(10) also displays a positive ion mass by high-resolution mass spectroscopy 
(FAB)[M + H] + at m/z 626.4566, consistent with the calculated value of 626.4532. The 
one-dimensional J H NMR spectra displays a singlet for the angular methyl at the CI 8 
position and a singlet for the methyl group at the C19 position at 6 1.16, shifted 
5 downfield by the keto group at the C7 position. The doublets for the methyl groups at 
the C21, C26 and C27 positions overlap at 6 0.95, which in all integrate for nine 
protons. As in squalamine, a multiplet integrating for one proton at 6 4.15 was 
assumed to be the proton at the C24 position, shifted downfield due to sulfonation. 

Aminosterol compound (1 1) displays a positive ion mass (MALDI)[M + H] + at 

10 m/z 612.2 with fragment ions at m/z 522.6 and m/z 514.8 for the loss of sulfur 
trioxide and sulfuric acid and a negative ion mass (MALDI) [M:H]" at m/z 611 .50. 
Aminosterol compound (11) also displays a positive ion mass by high-resolution mass 
spectroscopy (FAB) [M + H] + at m/z 612.4747, consistent with the calculated value of 
612.4774. Its *H NMR spectrum is identical to squalamine except the C7 proton at 6 

15 3.75 seen in squalamine is not present. 
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TABLE 1 

Selected ! H NMR Data of Major Aminosterol Compounds (1),(4), and (7) 



10 



15 



20 



25 



30 



35 



40 



45 



Position 


Aminosterol (1) 


Aminosterol 
(4) 


Aminosterol (7) 


1ax 


1.12 


1.14 


1.18 


1eq 


1.86 


1.86 


1.83 


2 ax 


1.56 


1.58 


1.56 


2eq 


1.96 


2.00 


2.04 


3 


3.13 


3.14 


3.16 


4ax 


1.43 


1.43 


1.42 


4eq 


1.61 


1.65 


1.65 


5 


1.74 


1.76 


1.75 


6ax 


1.53 


1.54 


1.54 


6eq 


1.45 


1.46 


1.46 


7 


3.80 (s) 


3.80 (1,s) 


3.81 (1,s) 


8 


1.44 


1.40 


1.47 


9 


1.23 


1.29 


1.59 ^ 


11ax 


1.35 


1.34 


1.58 


11eq 


1.54 


1.54 


1.54 


12ax 


1.13 


1.18 




12eq 


1.98 


2.00 


3.95 (1,s) 


14 


1.43 


1-43 


1.96 


15a, 15b 


1.78, 1.14 


1.77,1.12 


1.76,1.11 


16a, 16b 


1.35, 1.89 


1.32, 1.93 


1.31, 1.90 


17 


1.14 


1.18 


1.82 


18 


0.70 (3.s) 


0.71 (3,s) 


0.72 (3,s) 


19 


0.86 (3,s) 


0.87 (3,s) 


0.85 (3,s) 


20 


1.43 


1.44 


1.42 


21 


0.94 (3,d) 


0.97 (3,d) 


1.02 (3,d) 


22a, 22b 


1.23, 1.70 


1.10,1.90 


1.31,1.45 


23a, 23b 


2.54, 2.54 


1.50, 1.44 


1.71,1.51 


24 




3.44 (1,m) 


4.14 (1,m) 


25 


2.89 


1.85 


2.08 


26 


1.15 (3,d) 


0.99 (3,d) 


0.93 (3,d) 


27a, 27b 


2.62, 2.85 


3.96 (1,dd), 
4.12 (1,dd) 


0.96 (3,d) 


28a, 28b 


2.97, 3.14 


3.16 


3.19 


29 


3.96 (1,m) 


2.11 


2.16 


30 




3.16 


3.16 


31 


3.15 


3.09 


3.08 


32 


2.11 


1.80 


1.82 


33 


3.15 


1.76 


1.76 


34 


3.08 


2.99 


2.99 


35 


1.80 






36 


1.75 






37 


2.98 


I 
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TABLE 2 

Selected 13 C Data of Major Aminosterol Compounds (1), (4), and (7) 



rosiuon 


AminnctarAl iA\ 

/\rninooieroi \ t ) 


Amino^tarol (A\ 

rMlliiivOici wi %*/ 


Aminosterol (TS 


A 

I 


17 79 

O/ mi Sm 




37.57 


2 


oe oi 


OR 07 


25.93 


o 

o 


cq ni 




59.15 


>l 


19 ift 


11 Q4 


32.09 


c 

o 


o© ee 
OO.OO 


1R fift I 


38.66 


6 




17 ftn 

Or .Oil 


37 71 


7 


CO 


DO.OO 


68.40 


8 


•11 .Oo 


AA AA 
41 .J 4 


41 21 


9 


ac oo 


Aft R*S 
4D.D9 


40 42 


10 


36.79 


4C OA 

00.94 


1ft 4ft 


11 


22.14 


OO 91 


2d 82 

£9.D4i 


4 O 

12 


40.99 


4 1 .14 


71 84 


13 


43.83 


jio Oft 

40.00 




14 


C4 TO 

51 .78 




A1 4*5 


15 


Oil CO 

24.58 


OA T1 


24 2*5 


4 

16 


on o 4 

29.31 


oo cc 


Oft 7R 


17 


r-rr oo 

57.63 


Oo.Ul 


4ft 97 


18 


12.42 


4 O CO 

12.56 


44 «IO 


19 


11.54 


11.68 


«t 4 OO 

i i .o9 


20 


36.86 


OT OE 

37.35 


OT OO 


21 


19.11 


19.47 


10.2D 


22 


30.82 


oo oo 
33.32 


OO OO 


23 


40.12 


oo a e 
32.15 


OS OA 
20.U4 


24 


*»4 A 49 

21 6.27 


"Til 47 

74.1 7 


oe oe 




AT **1 


40 65 


32.30 


26 


17.14 


14.35 


18.38 


27 


35.49 


71.68 


18.18 


28 


34.21 


46.07 


45.98 


29 


54.47 


24.61 


24.61 


30 


171.69 


43.05 


42.97 


31 


46.03 


48.72 


48.38 


32 


24.58 


24.36 


24.19 


33 


42.91 


25.70 


25.93 


34 


48.94 


40.16 


40.06 


35 


24.36 






36 


25.70 






37 


40.12 
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TABLE 4 

Mass Spectroscopy Data for Aminos terol Compounds (l)-(ll) 





formula 


MALDI M+1 


MALDI M-1 


FAB 


HRMS 


RT 


1 


C3THS8N404S 






665 (100%) I 
578 (38%) i 
546 (17%) j 


665.5043 (e) 
665.5039 (c) 


22.9 


2 


CmHssNsOs 


562.1 (100%) 






562.4966 (e) 
562.4947 (c) 


20.1 


3 


CmHbsNsOsS 


645.1 (91%) 
565.3 (34%) 
546.9(100%) 


642.4 (100%) 




642.4506 (e) 
642.4515 (c) 


13.2 


4 


C34H6SN30«S 


645.5(100%) 
566.6 (62%) 




642.3 (100%) 


642.4502 (e) 
642.4515 (c) 


13.5 


5 


CmHgsNsOs 


565.5 (e) (100%) 
564.5 (c) 








18.2 


6 


CmHmNsOs 


562.1 (100%) 






-562.4954 (e) 
562.4948 (c) 


19.4 


7 


CmHssNsOcS 


645.4 (100%) 
566.3 (29%) 
547.2 (94%) 


643.6 (100%) 




644.4687 (e) 
644.4672 (c) 


16.0 


8 


CmHkNsOz 


547.8 (100%) 






548.5165(e) 
548.5155 (c) 


17.4 


9 


C37H72N4O6S 




700.1 (100%) 




699.5093 (e) 

699.5094 (c) 


15.1 


10 


CmHgjNjOsS 






626.5 (35%) 
528.5 (100%) 


626.4566 (e) 
626.4532 (c) 


18.6 


11 


C34HE5N3O4S 


612.2(52%) 
522.6(100%) 
514.8 (52%) 


611.5(100%) 




612.4747 (e) 
612.4774 (c) 


22.5 



RT - OPA HPLC Retention Time (minutes), 
(e) Experimental value, (c) Calculated value. 
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In another preferred embodiment of the invention, the aminosterol compounds 
of the invention may be obtained in isolated or purified form by chemical synthetic 
means. The aminosterol compounds of the invention may be synthesized and isolated 
or purified by any means known in the art, U.S. Patents 5,637,691, 5,721,226, 

5 5,733,899, 5,763,430, 5,792,635, 5,795,885, 5,840,740, 5,840,936, 5,847,172, 
5,856,535 and 5,874,597 and WO 94/19366. Synthesized and isolated or purified 
derivatives of the aminosterol compounds of the invention are also envisioned. For 
example, aminosterol compounds (l)-(8) and (10)-(1 1) may be synthesized in which 
the spermidine polyamine moiety at the C3 position is replaced with a spermine 

1 0 polyamine moiety. Similarly, aminosterol compound (9) may be synthesized in 

which the spermine polyamine moiety at the C3 position is replaced with a spermidine 
polyamine moiety. 

According to the invention, pharmaceutically acceptable salts of each of the 
aminosterol compounds (l)-(l 1) or derivatives thereof, each as described above, may 

15 be prepared by any means known in the art Such salts include, but are not limited to, 
sodium, potassium, ammonium, chloride, triflouro acetate, lactate and acetate salts. 

The invention also provides a pharmaceutical composition comprising at least 
one of the aminosterols of the invention or a derivative thereof as an active ingredient 
present in a therapeutically effective amount and a pharmaceutically acceptable 

20 carrier. The aminosterol compound or derivative thereof are each as described above 
and the pharmaceutically acceptable carrier may be any such carrier known in the art, 
preferably a pharmaceutically acceptable, non-toxic sterile carrier as would be 
recognized by one of skill in the art. Also as recognized by one of skill in the art, a 
"therapeutically effective amount" will be determined on a case by case basis. Factors 

25 to be considered include, but are not limited to, the disorder to be treated and the 
physical characteristics of the one suffering from the disorder. Accordingly, a 
'therapeutically effective amount" will be best determined through routine 
experimentation. Preferably, a pharmaceutical composition of the invention contains 
between about 0.001 and about 5.0 % by weight, preferably between about 0.01 to 

30 about 1 .0 % by weight of an aminosterol compound of the invention. A 



0h 
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pharmaceutical composition of the invention may be prepared by means known in the 
art. 

A pharmaceutical composition of the invention may be, for example, a solid 
(e.g. powder, pill, tablet), liquid {e.g. syrup, elixir), suspension, or emulsion and may 
5 be adapted for systemic administration. Other modes of administration of a 

pharmaceutical composition of the invention include, depending on the state of the 
pharmaceutical composition, methods known in the art such as, but not limited to, oral 
administration, topical application, parenteral, intravenous, intranasal, intraocular, 
intracranial, deposition under the skin, intramuscular or intraperitoneal injection. 

10 Preferably, at pharmaceutical composition of the invention is applied as a topical 
formulation. Any common topical formulation such as, for example, a solution, 
suspension, gel, ointment or salve may be used- A topical formulation of a 
pharmaceutical composition of the invention may also be administered as a powder or 
spray, particularly in aerosol form. Preparation of such topical formulations are well 

1 5 known in the art as exemplified in Remington's Pharmaceutical Sciences, 1 9th 
edition, Mack Publishing Company, 1995. 

Although the amount of pharmaceutical composition systemically 
administered will be determined on a case by case basis, as described above, 
preferably between about 0.01-100 milligrams per kilogram body weight per day, 

20 more preferably, between about 0.1-10 milligrams per kilogram body weigiht per day, 
will be administered 

According to the invention, additional therapeutic agents may be added to a 
pharmaceutical composition of the invention. The therapeutic agent may be any 
synthetic or naturally occurring biologically active therapeutic agent known in the art. 

25 Examples of suitable therapeutic agents include, but are not limited to, antibiotics, 
steroids, genomic DNA, cDNA, mRNA, antisense oligonucleotides, plasmids, 
peptides, peptide fragments, small molecules and other biologically active 
macromolecules such as, for example, proteins and enzymes. 

The aminosterol compounds of the invention exhibit a broad range of 

30 antimicrobial activity or potent antibiotic activity against a plurality of 
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microorganisms or microbes including, but not limited to, gram-positive and 
gram-negative bacteria, fungi, protozoa and the like. The invention provides a 
method of treating or controlling a infection or contamination by such 
microorganisms or microbes comprising administering a therapeutically effective 

5 amount of at least one aminosterol compound of the invention, a derivative thereof^ or 
a pharmaceutically acceptable salt thereof; each as described above. According to a 
method of the invention, a host or tissue susceptible or afflicted with a microbial 
infection is treated with a therapeutically effective amount of at least one of the 
aminosterol compounds of the invention, its derivative or its pharmaceutically 

10 acceptable salt, each as described above. A "therapeutically effective amount," as 
described above, will be determined on a case by case basis upon routine 
experimentation as understood by of skill in the art. However, in general, a 
''therapeutically effective amount" is any amount sufficient to produce an 
antimicrobial or antibiotic effect in a susceptible or afflicted host or tissue. 

1 5 Alternatively, due to their antibiotic properties, the aminosterol compounds of the 
invention may also be used as a preservative or sterilizer of materials susceptible to 
microbial contamination. 

The aminosterol compounds of the invention, its derivative or its 
pharmaceutically acceptable salt, each as described above, may also exhibit other 

20 activity including, but not limited to, antiangiogenic activity, direct inhibition of the 
growth of various cell types, appetite suppression, inhibition of an asthmatic response, 
inhibition of the sodium/proton exchanger NHE3, and localization of certain cell 
types or tissue types. Accordingly, the aminosterol compounds of the invention, its 
derivative or its pharmaceutically acceptable salt, each as described above, may be 

25 used in methods for inhibiting angiogenic activity (e.g. inhibition of cancer growth 
and metastasis, inhibition of new blood vessel growth in the eye); directly inhibiting 
the growth of cells (e.g. endothelial cells, prostate tumor cells (in conjunction with 
VEGF) and melanomas); suppressing appetite resulting in, for example, weight loss 
and/or growth retardation; inhibiting an asthmatic response to an allergen; inhibiting 

30 the sodium/proton exchanger NHE3; or cell type or tissue type localization, preferably 
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in some or all those cells or tissues involved in steroidogenesis or steroid metabolism. 

The following examples are given to illustrate the invention. It should be 
understood, however, that the invention is not to be limited to the specific conditions 
or details described in these examples. 

5 

EXAMPLE 1 
Isolation of aminostero ls from dogfish shark liver. 
Twenty kilograms of fresh ground dogfish shark liver were suspended in 82 
liters of 12% aqueous acetic acid at 75 °C for one hour. Eighteen kilograms of 

10 ammonium sulfate and seventeen liters of 95% ethanol were added followed by 

vigorous agitation for five minutes. The suspension was allowedto phase separate for 
six days at ambient temperature. The aqueous phase was then separated and filtered 
through cheesecloth. The combined filtrates from two such batches were slowly 
stirred with five kilograms XAD-16 resin (commercially available from Supelco of 

15 Bellefonte, PA) for twenty hours. The resin was collected, washed with ten liters of 
water and resuspended in twenty liters of 70% ethanol for approximately twenty 
minutes. An alcohol solution containing aminosterols (l)-(l 1) (see Figure 1) was 
obtained following removal of the resin. 

The alcohol solutions from ten shark liver preparations were combined 

20 (approximately 200 liters) and further filtered using a five.micron polypure DCF filter 
(commercially available from Gelman Sciences of Ann Arbor, MI). The filtrate was 
loaded onto a three kilogram propylsulfonic acid column (commercially available 
from JT Baker of Phillipsburg, NJ). The column was washed with 20% isopropyl 
alcohol until the adsorption at 254 nanometers (A254) reached a constant level. The 

25 column was washed with 0.4 M potassium acetate in 10% isopropyl alcohol until the 
A254 again reached a constant level. Aminosterol compounds (l)-(l 1) were 
successively eluted from the column with either 3.6 M or 4.5 M potassium acetate 
(pH 4) in 10% isopropyl alcohol (15-30 liters until A254 was constant). The 3.6 M 
and 4.5 M potassium acetate eluates contained different compositions or various 

30 mixtures of the aminosterols. 
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The 3.6 M and 4.5 M potassium acetate eluates were then separately filtered 
through 0.2 micron Sartopure GF capsules (commercially available from Sartorius of 
Edgewood, NY), diluted with water to a 1.0 M salt concentration and loaded onto a 10 
x 25 cm YMC-ODS column (commercially available from YMC of Wilmington, NC). 
5 Two buffers were used to elute the aminosterols from the column. Buffer A consisted 
of 0.1% trifluoro acetic acid in water while buffer B consisted of 0.1% trifluoro acetic 
acid in acetonitrile. The column was first washed at a flow rate of 470 milliliters per 
minute with forty liters of buffer A, then with ten liters of 25% buffer B. Aminosterols 
were then eluted from the column by a thirteen minute gradient from 25-34% buffer B 
10 followed by a twenty-two minute gradient from 34-40% buffer B. Five liter fractions 
were collected during the 25-34% elution followed by 235 milliliter fractions during 
the 34-40% elution. Side fractions containing less abundant aminosterols were pooled 
together according to their sequential elution order. 

Each of the pools of aminosterols (approximately 35 liters) were separately 
1 5 loaded onto a 700 milliliter propylsulfonic acid column. The column was washed and 
the aminosterol compounds (l)-(l 1) eluted under the same conditions described 
above. The eluates of the 3.6 M and 4.5 M potassium acetate solutions were collected 
in two liter fractions and analyzed by thin-layer chromatography and HPLC. Fractions 
that contained a similar composition of aminosterols were combined while those that 
20 contained no aminosterols were discarded. If a combined mixture was not clear, the 
solution was ultra-filtered through a spiral membrane cartridge with a three kiloDalton 
cutoff (commercially available from Amicon of Woburn MA) to remove higher 
molecular weight residual pigments and proteins. The permeate was then loaded on a 
1 x 25 cm YMC-ODS or 4 x 25 cm Dynamax (commercially available from Ranin of 
25 Woburn MA) column, washed with buffer A and eluted with an appropriate gradient 
of buffer B. Fractions were collected and analyzed by thin-layer chromatography. 
According to the thin-layer chromatography profile, fractions were further analyzed 
on an analytical reverse phase (RP) column using pre-column o-phthalaldehyde 
(OPA) derivatization. Pure fractions were combined, while those requiring further 
30 purification were purified using optimized chromatographic conditions. Final 
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purifications were done on a Phenomenex Luna CI 8, Phenomenex phenyl-hexyl or 
Microsorb C18 columns (commercially available from Ranin of Woburn, MA). 

EXAMPLE 2 

5 Antimicrobial activity of aminosterols . 

Aminosterol compounds (l)-(ll) were assayed in vitro against several 
microbial organisms to evaluate their spectrum of activity. Minimum inhibitory 
concentrations (MIC) for the bacteria and yeast were determined by incubating 
0.9-1. Ie5 colony-forming units per milliliter of log-phase microbes in 0.5x trypticase 
1 0 soy broth with increasing concentrations of sample in ninety-six well microtiter plates 
(commercially available from Corning of Corning, NY) at 37°C t for eighteen to 
twenty-four hours. 3^e-minimum:inhibitory concentration (MIQ is the Iqygst . 
^cgsfcOTtrartiSi^^ Control incubation in the 

absence of bacteria served as a baseline value. Initial sample concentrations were two 
1 5 milligrams per milliliter in 250 mM sodium acetate, pH 6.6. Minimum inhibitory 
concentrations are summarized in Table 5. 
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TABLES 

MIC Values for Aminosterol Compound (l)-(ll) 



Aminosterol 



(1) 



(2) 



(3) 



(4) 



(5) 



(6) 



(8) 



(9) 



(10) 



(11) 



S. aureus 



8-16 pg/ml 



31 pg/ml 



250 pg/ml 



4-8 pg/ml 



63 |ig/m1 



8 pg/ml 



1 iig/ml 



31 pg/ml 



2 pg/ml 



16 pg/ml 



£. co// 



256 pg/ml 



125 pg/ml 



>250 pg/ml 



128 pg/ml 



125 pg/ml 



63 pg/ml 



fS6^/m!lM 36;pg/ml^ 



8 pg/ml 



31 pg/ml 



8 pg/ml 



125 pg/ml 



P. aeruginosa 



256 pg/ml 



>250 pg/ml 



>250 pg/ml 



32 pg/ml 



250 pg/ml 



>250 pg/ml 



32 pg/ml 



31 pg/ml 



31 pg/ml 



250 pg/ml 



C. albicans 



128 pg/ml 



16 pg/ml 



^32- pg/ml ^iu^; 



While the invention has been described and illustrated herein by references to various 
specific materials, procedures and examples, it is understood that the invention is not 
restricted to the particular combinations of material and procedures selected for that 
purpose. Numerous variations of such details can be implied as will be appreciated by 
20 those skilled in the art. 
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The claimed invention is: 

1 . A compound having the following structure: 




or a pharmaceutically acceptable salt thereof. 




or a pharmaceutically acceptable salt thereof. 

3 . A compound having the following structure: 




or a pharmaceutically acceptable salt thereof. 
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4. A compound having the following structure: 

OH 




or a pharmaceutical^ acceptable salt thereof. 

5. A compound having the following structure: 




or a pharmaceutical^ acceptable salt thereof 

6. A compound having the following structure: 

o 




or a pharmaceutical^ acceptable salt thereof. 

7. A compound having the following structure: 



wo 
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or a pharmaceutical^ acceptable salt thereof. 

8. A compound having the following structure: 




(8) 



or a pharmaceutical^ acceptable salt thereof. 

9. A compound having the following structure: 

OH 




(9) 



or a pharmaceutical^ acceptable salt thereof. 

10. A compound having the following structure: 
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OSO3H 




(10) 



or a phaimaceutically acceptable salt thereof. 



11. A compound having the following structure: 



OSO3H 




(ID 



or a phaimaceutically acceptable salt thereof. 

12. A pharmaceutical composition comprising the compound of claim 1 and a 
pharmaceutically acceptable carrier. 

13. A pharmaceutical composition comprising the compound of claim 2 and a 
phaimaceutically acceptable carrier. 

14. A pharmaceutical composition comprising the compound of claim 3 and a 
pharmaceutically acceptable carrier. 



15. A pharmaceutical composition comprising the compound of claim 4 and a 
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pharmaceutically acceptable carrier. 

16. A pharmaceutical composition comprising the compound of claim 5 and a 
pharmaceutically acceptable carrier. 

17. A pharmaceutical composition comprising the compound of claim 6 and a 
pharmaceutical^ acceptable carrier. 

18. A pharmaceutical composition comprising the compound of claim 7 and a 
pharmaceutically acceptable carrier. 

19. A pharmaceutical composition comprising the compound of claim 8 and a 
pharmaceutically acceptable carrier. 

20. A pharmaceutical composition comprising the compound of claim 9 and a 
pharmaceutically acceptable carrier. 

21 . A pharmaceutical composition comprising the compound of claim 1 0 and a 
pharmaceutically acceptable carrier. 

22. A pharmaceutical composition comprising the compound of claim 1 1 and a 
pharmaceutically acceptable carrier. 

23. A method of treating a microbial infection comprising administering a 
therapeutically effective amount of the compound of claim 1. 



24. A method of treating a microbial infection comprising administering a 
therapeutically effective amount of the compound of claim 2. 
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25 . A method of treating a microbial infection comprising administering a 
therapeutically effective amount of the compound of claim 3. 

26. A method of treating a microbial infection comprising administering a 
therapeutically effective amount of the compound of claim 4. 

27. A method of treating a microbial infection comprising administering a 
therapeutically effective amount of the compound of claim 5. 

28. A method of treating a microbial infection comprising administering a 
therapeutically effective amount of the compound of claim 6. 

29. A method of treating a microbial infection comprising administering a 
therapeutically effective amount of the compound of claim 7. 

30. A method of treating a microbial infection comprising administering a 
therapeutically effective amount of the compound of claim 8. 

31. A method of treating a microbial infection comprising administering a 
therapeutically effective amount of the compound of claim 9. 

32. A method of treating a microbial infection comprising administering a 
therapeutically effective amount of the compound of claim 10. 



33. A method of treating a microbial infection comprising administering a 
therapeutically effective amount of the compound of claim 11. 




PCT/TJS99/18322 



CM 

.3= 3- 




SUBSTTTUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
C07J 41/00, A61K 31/56 



A3 



(11) International Publication Number: WO 00/09137 

(43) International Publication Date: 24 February 2000 (24.02.00) 



(21) International Application Number: PCT/US99/18322 

(22) International Filing Date: 12 August 1999 (12.08.99) 



(30) Priority Data: 

60/096,337 



12 August 1998 (12.08.98) 



US 



(71) Applicant (for all designated States except US): MAGA- 

DMIN PHARMACEUTICALS, INC. [US/US]; 51 10 Campus 
Drive, Plymouth Meeting, PA 19462 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): RAO, Meena [US/US]; 
60 E ssex Drive, Monmouth Junction, NJ 08852 (US). 
FEDBUSH, Binyamin [US/US]; 1453 Schirra Drive, Ambler, 
PA 19002 (US). KINNEY, William [US/US]; 16 Thompson 
Mill Road, Newtown, PA 18940 (US). ZASLOFF, Michael 
[US/US]; 274 Linden Lane. Merion, PA 19066 (US). 
NOECKER. Lincoln [-VUS]; 3014 N. Charlotte Street, 
Gilbertsville, PA 19525 (US). 

(74) Agent: ADLER, Reid, G.; Morgan, Lewis & Bockius LLP, 
1800 M Street, N.W., Washington, DC 20036-5869 (US). 



(81) Designated States: AU, CA, JP, US, European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE). 



Published 

With international search report. 

(88) Date of publication of the international search report: 

18 May 2000 (18.05.00) 



(54) Title: AMINOSTEROL COMPOUNDS AND USES THEREOF 




(57) Abstract 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK . 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LY 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TO 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstarj 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 

EE 


Denmark 
Estonia 


LK 
LR 


Sri Lanka 
Liberia 


SE 
SG 


Sweden 
Singapore 








INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US99/18322 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC<7) :C07J 4 1/00; A61K 3 1/56 

US CL : 552/521; 514/182 
According to International Patent Classification (IPC) or to both national classification and IPC 



R FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 552/521; 514/182 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
CAS ONLINE, CAPLUS, CAOLD, BEILS f EIN 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



US 5,763,430 A (ZASLOFF) 09 June 1998, see entire document 
specially compound number FXIC, col. 15 and 16; FXID col. 17 
and 18 and compound 387 in col. 97. 

US 5,637,691 A (FRYE et al.) 10 June 1997, See the entire 
document. 

US 5,733,899 A (FRYE et al.) 31 March 1998, see the entire 
document. 

US 5,192,756 A (ZASLOFF et al.) 09 March 1993, see the entire 
document. 

US 5,721,226 A (FRYE et al.) 24 February 1998, see the entire 
document. 



| x\ Further documents are listed in the continuation of Box C. | | 



Relevant to claim No. 



3, 4 and 8 



1-33 



1-33 



1-33 



1-33 



See patent family annex. 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier document published on or after the international filing date 

document which may throw doubts on priority claim (3) or which 0 
cited to establish the publication date of another citanon or other 
special reason (as specified) 

document referring to an oral disclosure, use. exhibition or other 
means 

document published prior to the international Tiling date but later than 
the priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
16 DECEMBER 1999 



Date of mailing of the international search report 

07 FEB 2000 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 



Authorized officer 

SABIHA QAZI 
Telephone No. (703) 308-1235 



Form PCT/ISA/2I0 (second sheetXJuly 1992)* 



INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US99/18322 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A,P 


US 5,840,936 A (ZASLOFF et al.) 24 November 1998, see the 
entire document. 


1-33 

! 



Form PCT/ISA/210 (continuation of second sheetXJuly 1992)* 



